This research was conducted on the Damietta branch of the Nile River, Egypt. The Damietta branch receives pollution loadings from the Omar-Bek drain and two power stations located along the path of the branch. The main objective of this research consisted of comparing between the Damietta branch water quality before and after the Ethiopian Dam is built. This comparison was conducted by using the river pollutant (RP) modeling. First, the actual data and the modeling results were compared in order to prove the efficiency and validity of the RP modeling. Findings from regression analysis yielded a strong positive linear relationship (r = 0.987) between the two results. The modeling results showed that Omar-Bek drain had less impact on the Damietta branch water quality. The results also showed that the effluent discharge from the two power stations affected water quality and aquatic life because large quantities of warm and polluted water discharged back into the Damietta branch. The results also showed that constructing the Ethiopian Renaissance Dam would slightly increase pollutants concentrations in the Damietta branch and that this increase would cause a slight deterioration in water quality.
Introduction
Nile River water quality is affected by industrial and agricultural wastes discharge, as well as by the sanitation of the cities and villages located along its path [1] [2] . The lack of sanitation services has led to the direct discharging of large amounts of untreated domestic wastewater directly to the Nile River. Studies indicate that only 24% of Egypt's population can access sewerage services [3] . In rural areas, about 5% of the population is linked to sanitation services [4] . The Nile River in Egypt divides into two branches, Damietta and Rosetta. The Damietta branch, with an estimated length of more than 242 km (150.37 miles), flowings from south to north and empties into the Mediterranean Sea [5] . At present, the average discharge of the Damietta branch is 30 million m 3 per day. About 10.50 million m 3 /day of drainage water is added to the Damietta branch at different locations, which is about 35% of its maximum discharge [6] . Along the Damietta branch are located three pollution sources: Omar-Bek drain, and Kafr-Al-Batek and Talkha power stations. Omar-Bek drain is the main source of water pollution, and Kafr-Al-Batek and Talkha power stations comprise the major sources of thermal pollution [7] [8] . Omar-Bek drain receives pollution loads from domestic, industrial, and agricultural wastes of many villages and drains located along the path of the branch [6] .
Other researchers have conducted several studies assessing water quality at the Damietta branch. Soltan and Awadallah (1995) analyzed water samples collected from different locations along the Nile River [9] . The results showed elevated levels of total dissolved solids (TDS), total suspended solids (TSS), sodium (Na ) in water samples taken from Damietta; these increased levels resulted from the discharging of effluents from industries such as cheese making factories and those involving fertilizer, textile, and pickled herring preparation. Statistical analysis of the database was established, and significant correlation coefficient values were obtained (r = 0.61 -1.0). Abd-Allah et al. (1999) collected water samples from the Nile River between Mansoura City and Damietta Province [10] . The results showed elevated levels of biological oxygen demand (BOD), chemical oxygen demand (COD), ammonia (NH 3 ), nitrogen dioxide (NO 2 ), nitrate (NO 3 ), and phosphate (PO 4 ) in water samples taken from Damietta branch at Talkha city, where the branch received effluents from El-Serw and from the outlet of Talkha fertilizer plant. Ezzat and Reham (2012) conducted a study to classify Omar-Bek drain water quality and examined its impact on Damietta branch [5] . In their study, results showed that Damietta branch water quality was classified as good surface water upstream of the Omar-Bek drain and as marginal surface water downstream of the drain.
The main goals of this research consisted of evaluating the Damietta branch water quality before and after building the Ethiopian Dam, as well as defining to what extent construction the dam would affect the water quality at the Damietta branch.
Materials and Methods
This research was carried out on the Damietta branch. The study area, which encompassed about 119 km (70.2 miles) of the Damietta branch, extended from upstream of the Omar-Bek drain and to the end of the Damietta branch (10 km before discharging in the Mediterranean Sea). River pollutant (RP) modeling was used to compare the Damietta branch water quality before and after the building of the Ethiopian dam. The RP modeling is a river water quality model used to calculate water quality parameters such as dissolved oxygen (DO), total organic carbon (TOC), Cl − , BOD, COD, TDS, TSS, pH, and temperature [6] . It has been created by using MATLAB software to simulate pollutant transport in the Nile River delta. This software can be useful in determining the downstream distance affected by pollutant releases and aid as decision tool during the development of restrictions to be imposed on industrial, agricultural, and domestic activities in order to protect public health and prevent the spread of water-related diseases [6] . The RP modeling also helps identifying the best locations along the river for constructing water treatment plants (WTPs), wastewater treatment plants (WWTPs), and power stations [6] . To prove the efficiency and validity of the RP modeling, we obtained water samples from 21 sites along the Damietta branch in order to compare the modeling results with the field data (see Figure 2) . Sample collection began December 2012 and concluded October 2013. Regression analysis for the actual and predicted values was performed with the use of Microsoft Office Excel 2010, and the correlation coefficients calculated led to the identification of the nature of correlations between the actual and predicted values. A paired-samples t-test was performed to evaluate the difference between the means of the actual and predicted samples. The null hypothesis (H 0 ) states that there are no differences between the means of the samples, while the alternate hypothesis (H 1 ) states that there are differences between the means of the samples.
Water samples were also collected from three point sources discharging into the Damietta branch. These data were used as input to run the RP modeling. The point sources included Omar-Bek drain, Kafr-Al-Batek power station, and Talkha power station (see samples were placed into an ice chest for transfer to the laboratory. To avoid microbiological degradation of solids, we analyzed the water samples no more than 2.0 days after their collection. The analysis consisted of determining levels of DO, TOC, BOD, COD, TDS, TSS, pH, and temperature. The samples were analyzed for different parameters according to the standard methods for wastewater analysis [11] . TDS was measured in the field by using an HM digital TDS meter. The DO, pH, and temperature were also measured in the field by using a WTW multi 340i meter. Analysis of the other parameters took place in the Egyptian Housing Building Research Center laboratory. Test method 2540D was used for the determination of TSS. The closed reflux, titrimetric method 5220C enabled determination of the COD concentration in the samples, while the 5-day BOD Test 5210B was used in the determination of the BOD concentration in the samples. The TOC concentration was measured in the laboratory by using a Shimadzu TOC-4200 analyzer. The results were then compared with the limits specified in Egyptian law 48/1982 and EPA standards [12] [13] .
In order to run the RP modeling, we calculated the flow rate upstream of Omar-Bek drain by multiplying the cross-sectional area by the flow velocity, which was measured by using a water flow probe. The river cross-section was divided into subsections, and the discharge was determined for each subsection. Because the Damietta branch has an irregular bottom, the depth was measured at a number of points across the bed. A weighted wire was used to measure the depth at any specific point. The total discharge was determined by summing the discharge levels of the subsections. The RP modeling uses the exponential and mass balance equations which enabled seasonal estimations of the values of different parameters in the Damietta branch. The mass balance helps to mathematically estimate the mass loading at any point along the Damietta branch. Consequently, the RP modeling aided in the determination of mass balance and in the identification of the mixing condition and dispersion level. The RP modeling was then used to compare the Damietta branch water quality before and after the Ethiopian dam is built. The flow rate and pollutant concentrations upstream of the Omar-Bekdrain are expected to change after building of the dam. But for the purpose of this initial modeling activity, the pollutant concentrations upstream of the Omar-Bekdrain were assumed to be constant in the two models to avoid interaction terms and confounding effects. The flow rate upstream of the Omar-Bekdrain, the only variable in the two models, is expected to decrease by about 21.6% after the dam is constructed.
Results and Discussion

Physicochemical Analysis
The results of the physicochemical analysis of the collected water samples are presented in Table 1 . Omar-Bek drain, the main source of pollution along Damietta branch, is polluted primarily by domestic wastewater discharging from residential districts having a combined total of about 500,000 inhabitants. Results from the physicochemical analysis showed that the highest pollution levels at the outfall of Omar-Bek drain. From thid drain, water samples had an average COD concentration of about 97 mg/Land an average DO concentration of about 3.9 mg/L. Talkha power station daily discharges nearly 3.5 million m 3 of cooling water to Damietta branch [6] . The elevated temperature of the discharged water, as well as the water contaminants, can negatively affect water quality and all marine life, including fish. The most common cause of fish death is thermal shock, where the water temperature increases suddenly. Because towers at Talkha power station do not function efficiently, water with a high temperature is released to the Damietta branch. The Kafr-Al-Batek power station discharges nearly 3.29 million m 3 /day of water temperature elevated up to 43˚C, causing fish death in the Damietta branch. A temperature elevated up to 33˚C was observed at the intake of Kafr-Al-Batek power station at the summer season because of the short distance between the inlet and the outlet, where the discharged cooling water is withdrawn again by the cooling system.
The River Pollutant (RP) Modeling
A steady state concentration and a complete vertical and lateral mixing were assumed along the Damietta branch. Also assumed was a first order decay of organic pollutants (i.e., equal to 0.1 day −1 at 20˚C). The decay rate can be calculated at different water temperature as follows [14] : K T = K 20˚C × 1.047 (T−20) . Data presented in Table 1 were applied to the RP modeling to predict flow and concentration of different parameters along the Damietta branch before the dam is built. This model provided a mass balance closure result in which the predicted flow rate at the end of the Damietta branch (23,700,000 m 3 /day) was close to the actual flow rate of the branch (23,210,000 m 3 /day). The correlation coefficient between the actual and predicted values was found to be 0.987, as shown in Figure 3 . Consequently, a significant correlation exists between both sets of data.
A paired-samples t-test showed that the t-statistic value (1.918) was located in the region of non-rejection between the critical t-values (±1.986). The parameter p-value (0.0582) was also found to be greater than 0.05 (see Table 2 ). Consequently, there is no significant difference between the means of the samples; in this case, the null hypothesis could not be rejected in favor of the alternative hypothesis. After proving the efficiency and validity of the RP modeling, we reapplied the data presented in Table 1 to the RP modeling to predict flow and concentration of different parameters along the Damietta branch after the dam is built. The only variable in the two models consists of the water flow upstream of Omar-Bek drain, where the flow rate is expected to decrease from 23.50 × 10 6 m 3 /day to 18.50 × 10 6 m 3 /day after construction of the dam.
Assessment of Water Quality before and after the Ethiopian Dam Is Built
Egyptian law 48/1982 and EPA standards specify the following water quality standards for COD, BOD, TDS, DO, chlorides, and TSS: ≤10 mg/L, ≤6 mg/L, ≤500 mg/L, ≥4 mg/L, ≤500 mg/L, and ≤20 mg/L, respectively [12] [13]. As Figure 4 shows, the COD concentration upstream of Talkha power station measured about 9.5 mg/L, increased to 13.66 mg/L after the Damietta branch received discharge from Talkha power station, and increased significantly by about 27.87% after the branch received discharge from the Omar-Bekdrain. The discharge from Kafr-Al-Batek power station produced a lower impact on the Damietta branch water quality; the COD concentration increased by about 4.45% after the branch received discharge from Kafr-Al-Batek power station. The COD concentration is also expected to increase by about 10.83% after construction of the Ethiopian dam. The BOD concentration along the study area remained within the limits specified in Law 48/1982 and EPA standards, as shown in Figure 5 , despite increasing by about 67.3%, 66.17%, and 6.29% after the branch received discharge from Omar-Bekdrain and from Talkha and Kafr-Al-Batek power stations, respectively. Although expected to increase by about 15% after building of the dam, the BOD concentration will remain within the limit specified by Egyptian law and EPA standards. TDS concentration along the study area did not exceed the maximum permissible limit specified in Egyptian law and EPA standards [12] [13] , as shown in Figure 6 . Although increasing from 189.7 mg/L to 202.6 mg/L after the branch received discharge from the Omar Bekdrain, the TDS concentration stayed within the specified limit. Discharging water from Talkha power station decreased the TDS concentration at the Damietta branch by about 4.27%, whereas discharging water from Kafr-Al-Batek power station increased this concentration by about 3.38%. The slight increase in the TDS concentration expected to occur after construction of the dam will not adversely affect the water quality at the Damietta branch (see Figure 6) . The TSS concentration upstream of Omar-Bekdrain exceeded the maximum limits specified in Egyptian law and EPA standards (20 mg/L) [12] [13] , as shown in Figure 7 . A slight increase in TSS concentration was observed after the branch received discharge from the three point sources. Although a slight increase in the TSS concentration is expected after building of the dam, the increase will not adversely affect the water quality at the Damietta branch (see Figure 7) .
Egyptian law 48/1982 specifies a water quality standard of <3 mg/L for TOC [12] . Talkha power station daily discharges large amount of effluent possessing an elevated TOC concentration that results increased TOC concentrations downstream of the station, whereas a slight increase in TOC concentration was observed downstream of Omar-Bekdrain and Kafr-Al-Batek power station, as shown in Figure 8 . After construction of the dam occurs, the TOC concentration is expected to increase by about 11.77%, a figure still within the limit specified in the Egyptian law (see Figure 8 ). The pH value should lie between 7.0 and 8.5, according to Law 48/1982 and EPA standards [12] [13] . As Figure 9 shows, the pH value along the study area ranges from 7.96 to 8.20 and meets the specifications. The discharge from the three point sources did not significantly affect the pH value 76%, respectively, all three increases remain within the specified limit (see Figure 10) . After construction of the Ethiopian dam takes place, the Cl − concentration is expected to increase along the Damietta branch by about 6.2%, a figure still within the specified limit (see Figure  10) . Law 48/1982 and EPA standards also state that the DO concentration should not be less than 5 mg/L [12] [13] . Figure 11 shows that the discharge from Kafr-Al-Batek power station and Omar-Bekdrain did not significantly affect the DO concentration at the Damietta branch, whereas the discharge from Talkha power station reduced the DO concentration at the Damietta branch from 5.60 to 5.10 mg/L, a level still within the specified limit. As Figure 11 also shows, the DO concentration is expected to slightly decrease after construction of the dam. Figure 12 illustrates that the discharge from Talkha power station and Omar-Bekdrain did not significantly affect the water temperature at the Damietta branch but that the discharge from Kafr-Al-Batek power station increased water temperature at the Damietta branch from 24.7˚C to 27˚C, which results in thermal shock to aquatic life. After the dam is built, the water temperature is expected to increase by about 1.80% downstream of Talkha power station and by about 3.30% downstream of Kafr-Al-Batek power station, as shown in Figure 12 . 
Conclusions
The Damietta branch receives pollution loadings from the Omar-Bek drain and power stations located along the path of the branch. The RP modeling results show that, of the three point sources, the Omar-Bek drain has the least impact on the Damietta branch water quality. Talkha and Kafr-Al-Batek power stations discharge nearly 9.35 million m 3 /day of wastewater into the Damietta branch. In addition to the elevated temperature of the discharged water, the water pollutants can negatively affect water quality and aquatic life. Recommendations for ameliorating this affect include constructing cooling towers at Kafr-Al-Batek power station to dissipate heat and building an artificial canal that increases the distance between the inlet and the outlet to prevent the cooling water from being returned to the power station.
The RP modeling provides a useful and effective means of estimating flow and concentration of different water parameters along the Damietta branch. In this study, a significant correlation was obtained between predicted and actual values (r = 0.987). Consequently, a complete mixing occurs along the study area. This modeling is considered a reliable tool for water quality management in affected areas. The change in water quality caused by any future modification can also be predicted by rerunning the RP modeling. This modeling was also used to predict the change in the Damietta branch water quality after construction of the Ethiopian dam took place. The water quality at the Damietta branch will not be adversely affected by the dam because of the low concentration of pollutants and the absence of major pollution sources along the branch. The dilution factor also plays an important role in reducing pollutant concentrations along the branch. The rate of this reduction will increase after construction of the dam occurs because the water velocity will decrease and because the settling time will increase.
